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Inclusion of Data on Relatives for Estimation
of Allele Frequencies
To the Editor:
In a recent issue of the Journal, Boehnke (1991) sug-
gests a general method for estimating allele (or haplo-
type) frequencies from data on relatives. He provides
the maximum likelihood estimates of allele frequen-
cies for any arbitrary structure of pedigree relation-
ships among relatives. It is a clever application of the
maximum likelihood method originally designed for
pedigree analysis. Nevertheless, in support of this
method a few remarks may be added that might be
particularly helpful to the users who are unfamiliar
with the literature in this area of research.
First, it may be noted that the inclusion of relatives
for estimating allele frequencies at a locus has a com-
paratively long history in human genetics. Fisher
(1940) examined the effect that inclusion of relatives
had on the estimate of the proportion of recessives in
the population; for estimating allele frequencies and
their precision Cotterman (1947) developed a weight-
ing system from family data by using the maximum
likelihood principle. Finney (1948a, 1948b) and
Smith (1957) suggested alternative methods to address
the same problem. Finally, Chakraborty (1978), in an
appendix to the work of Ferrell et al. (1978), suggested
a combinatorial approach, showing that, in addition
to the estimation of allele frequencies, one can esti-
mate the number of independent genes sampled in a
survey that includes data on relatives. In principle,
while Boehnke's (1991) method is based on similar
logic, none of the above developments of this subject
is referred to in his work.
Second, the versatility of the computer algorithms,
such as MENDEL (Lange et al. 1988), yields allele
frequency estimates at any locus even if the latter has
a complex mode of inheritance, while all previous at-
tempts deal with simple Mendelian transmission rules
and specific family structures. However, the estimate
of the equivalent number of alleles, given by Boehnke
(1991), needs an extra cautionary remark. It should
not be equated to the number of independent genes
sampled, derived by Chakraborty (1978). In a set of
family data the number of independent genes sampled
is truly a random variable (let us denote it by N),
whose expectation and variance can be analytically
obtained from the relationships among individuals in-
cluded in the analysis. Chakraborty (1978) showed
that the distribution of N in family data is dependent
on the family structure and size. For example, in a
nuclear family with genotype information available on
both parents and s children, N becomes 4, irrespective
of s, and hence the offspring genotypes do not give any
extra information when all alleles are codominant. In
fact, for a codominant locus, the inclusion of offspring
genotypes when both parental genotypes are known
introduces errors of random fluctuation of Mendelian
segregation ratios.
When genotypic data are available only on s (>1)
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sibs, N can take values 2, 3, and 4, with mean and
variance given by
E(N) = 4(2s-1)/2s (1)
and
V(N) = 16-(28/2s)+(8/4s)-E2(N), (2)
so that the ratio of the expected number of indepen-
dent genes sampled to the total number of alleles as-
sayed, E(N)/2s, can be quite small, because E(N)--4
as s-o00. Chakraborty (1978) also considered more
complex situations, such as the inclusion of individu-
als with one parent, s - 1 of his/her sibs, and k off-
spring tested. On the basis of such evaluations, it was
shown that it might be necessary to attach different
weights to genotype data on individuals belonging to
different generations, to arrive at a statistically consis-
tent estimator of allele frequencies. Although Boehn-
ke's (1991) likelihood function (represented by his eq.
[1]) accomplishes that, his n* (equivalent number of
alleles sampled) does not truly represent N. This is so
because n* depends on the estimated allele frequency
as well as on the family structure and size, while N is
independent of the allele frequency estimates. There-
fore, for a given data structure, N will remain the same
for all alleles, while n* can vary substantially over
alleles.
Furthermore, a more intricate problem relates to
the reference population for which allele frequency
estimates are being sought. Is it the entire collection of
individuals in a given space at a given point of time,
or does it relate to individuals of different generations
recorded at a particular point of time? Population biol-
ogists interested in allele frequency estimates may ap-
proach the task of estimating allele frequencies by de-
pending on the definition of the reference population
used. Some might prefer to ignore the relationship
structure altogether, and others may prefer to fol-
low either the weighting schemes suggested earlier or
Boehnke's suggested algorithm.
Boehnke's (1991) work is reassuring in the sense
that, like his predecessors, he also concludes that ig-
noring the familial relationship does not introduce any
systematic bias into allele frequency estimates; it only
makes the allele frequency estimates appear more pre-
cise than they actually are. Therefore, inclusion of
relatedness might be extremely important when one
compares allele frequencies between samples that have
large differences in their family structures, particularly
when the alleles are rare, such as is the case with re-
cently arisen mutations (e.g., see Neel et al. 1988).
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Reply to Chakraborty
To the Editor:
I thank Dr. Chakraborty for pointing out several refer-
ences that describe other methods for allele frequency
